Background Chondrosarcomas of bone traditionally have been treated by wide or radical excision, procedures that may result in considerable lifelong disability. Grade 1 chondrosarcomas have little or no metastatic potential and are often difficult to distinguish from painful benign enchondromas. Curettage with adjuvant cryosurgery has been proposed as an alternative therapy for Grade 1 chondrosarcomas given the generally better function after the procedure. However, because it is an intralesional procedure, curettage and cryosurgery may be associated with higher rates of recurrence. Questions/purposes We asked whether Grade 1 chondrosarcomas and enchondromas of uncertain malignant potential treated by curettage and cryosurgery are associated with low recurrence rates and high functional scores. Patients and Methods We retrospectively reviewed the records of 46 patients with Grade 1 chondrosarcomas and enchondromas of uncertain malignant potential treated by curettage and cryosurgery. Forty-one patients had tumors of the long bones. Patients were followed a minimum of 18 months (average, 47.2. months; range, 18-134 months) for evidence of recurrence and for assessment of Musculoskeletal Tumor Society (MSTS) functional score.
Introduction
Chondrosarcomas are malignant cartilage tumors that account for 1 . 4 of primary bone sarcomas [7, 18] . These tumors are divided into low-, intermediate-, and high-grade lesions based on the degree of hypercellularity, pleomorphism, hyperchromatism, and cellular and nuclear atypia [7, 22] . Low-grade (Grade 1) chondrosarcomas have low metastatic potential and are difficult to distinguish from benign enchondromas even after clinical, histologic, and radiologic examination [22, 28, 29] . Patients with Grade 1 chondrosarcomas and enchondromas can have similar radiographic and pathologic findings including endostealradiographs, pain associated with the lesion, or retrospectively based on local or distant recurrence [7, 18, 19] . In contrast, enchondromas have a very low incidence of recurrence and do not metastasize [19] , and often are found at distal locations such as the hands and feet [7, 12] . Two large series suggest that despite their ability to metastasize, Grade 1 chondrosarcomas are slow-growing and have a low rate of metastasis [15, 26] . Currently, surgery is the only effective treatment for chondrosarcomas because these tumors are resistant to chemotherapy and radiotherapy [7, 19, 28] .
As with all bone sarcomas, the traditional treatment for chondrosarcoma is surgical resection with a wide margin, in which entire bone segments are excised to ensure total removal of tumor cells [7, 19, 28] . These procedures necessitate complex reconstructions and are associated with a high degree of morbidity, which may lead to lifelong disability and reduced quality of life [11, 13] . The appropriate treatment for cartilaginous tumors is controversial. Painful enchondromas and Grade 1 chondrosarcomas cannot be reliably distinguished on clinical, radiographic, or microscopic findings. Many benign enchondromas are misdiagnosed as Grade 1 chondrosarcomas [7] , for which many patients undergo unnecessary wide or radical resections. Conversely, not treating a potential malignant tumor can result in risk of local recurrence and metastasis. Given the low malignant potential of Grade 1 chondrosarcomas and the inevitable inclusion of benign enchondromas in any series of low-grade cartilage lesions, surgeons may consider treating these tumors with an intralesional, bonepreserving approach such as curettage with adjuvant cryosurgery to obtain microscopic kill of tumor cells [5, 32] . This method involves careful curettage followed by three cycles of high-speed burring and liquid nitrogen application with subsequent defect filling with bone cement and internal fixation to prevent fracture and to facilitate rehabilitation [5, 32] . Curettage with cryosurgery avoids the postoperative morbidities of wide and radical resections with reconstruction commonly used for high-grade chondrosarcomas. However, there is concern that this intralesional procedure could result in unacceptable rates of local recurrence resulting from incomplete removal of tumor cells and intraoperative contamination of the surgical site by viable tumor cells. Some studies suggest curettage with adjuvant ablative therapy achieves low local recurrence rates (0%-13.3% at a mean followup of 26-145 months) and high postoperative functional scores (mean MSTS scores 27-30) [1-3, 6, 10, 13, 17, 27, 30, 31] . However, the recurrence rates associated with curettage, as reported in other studies, have been substantially greater (40%-100% recurrence rate) [9, 23, 25] .
To address this controversy, we therefore asked whether patients who had undergone curettage and cryosurgery for Grade 1 chondrosarcomas and enchondromas of unknown malignant potential had (1) low recurrence rates; (2) high functional scores; and (3) low postoperative complication rates.
Patients and Methods
We retrospectively reviewed the medical records of 68 patients treated for Grade 1 chondrosarcomas and enchondromas by curettage and cryosurgery between January 1997 and June 2008. Diagnosis was based on clinical history, physical examination, and radiographs. No patient underwent biopsy before definitive surgery. All patients were diagnosed as having a Grade 1 chondrosarcoma, enchondroma, or borderline tumor (possible Grade 1 chondrosarcoma or enchondroma) after evaluation of clinical, radiologic (radiograph, MRI), and histologic results performed by a multidisciplinary group consisting of the primary surgeon (DGM), radiologists (SB, CB, KS), and pathologists (MV, JM, RK) with expertise in musculoskeletal oncology. At our institution, pathologic and radiographic material is reviewed by at least two specialists in their respective fields as part of our multidisciplinary protocols for patients with musculoskeletal tumors. The histologic slides were not reviewed again for this study. The indication for surgery was one or more of the following: persistent pain at the tumor site; radiographic signs of an aggressive tumor such as cortical thinning, endosteal scalloping, or interval increase in tumor size; or patient desire to have the tumor removed. In cases of shoulder pain with evidence of rotator cuff symptoms, an impingement test using a subacromial injection of lidocaine and bupivacaine was routinely performed to discriminate between rotator cuff pain and tumor-specific pain.
We chose 18 months as a minimum followup based on the median time to local recurrence reported in similar studies [1, 4, 6, 14, 17, 30, 31] . Of the 68 patients, 46 (68%) had at least 18 months followup. Twenty-two patients (32%) were lost to followup. All 46 patients with at least 18 months followup had adequate chart information, and the chart information was supplemented by telephone calls to seven. Patients were followed an average of 47.2 months (Fig. 1) (range, 18-134 months).
Demographic information included age at surgery, gender, followup time, followup mode (clinic or phone), signs of preoperative pain, radiographic evidence of endosteal scalloping or cortical erosion, tumor size, and tumor anatomic site (humerus, femur, tibia, fibula, radius, pelvis, sacrum, metatarsal) (Tables 1, 2; Fig. 1 ). Forty-one patients (89%) had tumors located in the long bones (21 humerus, 12 femur, five tibia, two fibula, one radius); and the remaining five patients had tumors located in the metatarsal, ilium, ischium, and sacrum. Mean and median ages at surgery were 48.1 and 46 years, respectively (range, 18-77 years). Thirty-six patients (78%) were followed for 2 years or longer. Male-to-female ratio was 16:30. Final diagnosis was based on what was believed to be most probable after multidisciplinary review of all clinical and diagnostic information. Cases were divided among diagnoses favoring Grade 1 chondrosarcoma (N = 17), enchondroma (N = 16), or borderline tumor (uncertain Grade 1 chondrosarcoma or enchondroma) (N = 13). Preoperative pain was present in 44 patients (96%). The two patients without obvious tumor-specific pain previously had symptoms or injury prompting radiographs of the affected bone. They were concerned about the potential for malignancy and wanted their tumors removed and were included in the study. Preoperative radiographic signs of bone destruction (endosteal scalloping, cortical erosion) were present in 36 patients (78%). Information regarding tumor size was available for 20 patients; the mean tumor size defined as the longest dimension on radiographs or MRI was 5.0 ± 2.0 cm (range, 2.0-8.0 cm).
The surgical procedure, as described by Marcove et al. [20, 21] , consisted of curettage and three cycles of liquid nitrogen application with burr drilling followed by cementation of the defect and internal fixation to prevent pathologic fracture. After exposure of the involved bone, holes were drilled in the cortex in an oval fashion and this elliptical bone window was removed with an osteotome to expose the underlying tumor. Soft tissues were protected with gauze and the tumor was handled very carefully to avoid touching the soft tissue in the surgical approach site. Broaching anatomic barriers with retractors or drills was avoided to keep the tumor site contained and amenable to radical resection with limb salvage should there be a subsequent local recurrence. Curettage was performed under direct vision throughout the tumor until the opposite cortical bone was encountered and all visible traces of the tumor were removed. Liquid nitrogen of À196°C was sprayed onto the tumor cavity divided into quadrants with application of 30 seconds per quadrant. A Midas Rex1 (Medtronic, Minneapolis, MN, USA) then was used to burr drill through frozen tissue, and the cavity was inspected for absence of tumor tissue. This cycle of cryosurgery with burr drilling was performed two more times until margins of the cavity were cleared down to the cortex on the opposite side of the surgical opening. The cavity and soft tissues then were irrigated with hydrogen peroxide. After inspection for absence of tumor tissue, internal fixation of the cavity was accomplished with 6.5-mm titanium screws fixed into the medullary cavity by interference fit or with a titanium locking plate and unicortical screws or a combination of both techniques based on cavity size, anatomic location, and anticipated sports and manual labor demands on the surgically treated bone. Bone cement mixed with antibiotics (Simplex P with Tobramycin1; Stryker-Howmedica, Mahwah, NJ, USA) was used to fill the tumor defect and was contoured to the surface of the existing bone. The surgical approach site was irrigated with hydrogen peroxide and saline and a drain was placed on the bone surface. Overlying muscle and fascia were closed over the tumor site. A sling, splint, or immobilizer was applied to stabilize the surgically treated limb. Resected tumors were sent fresh or in formalin to the pathology department for diagnostic evaluation.
Postoperatively, patients were assessed for ROM of the extremity and started on physical therapy. Weightbearing was permitted as tolerated, but no contact sports or resistance exercises were allowed for 6 to 12 weeks.
Patients were clinically followed at 3-to 4-month intervals during the first 2 years and at 6-to 12-month intervals thereafter. Recurrences were suspected based on pain or a new mass. Functional performance was assessed at each visit using the revised system established by the MSTS and International Society of Limb Salvage [8] . This system measures outcomes in six categories, including pain, function, and emotional acceptance for all patients; use of walking aids, walking ability, and gait for patients with lower limb operations; and hand positioning, dexterity, and lifting ability for patients with upper limb operations. Each parameter is scored 0 to 5 and combined for a possible total score of 30. A score of 23 or greater is considered an excellent result; a score of 15 to 22 points, a good result; a score of 8 to 14 points, a fair result; and a score less than 8, a poor result. Seven patients who could not return to our institution for final followup were contacted by phone by one of the authors (DAM) and asked questions about the results of recent clinical checkups for tumor recurrence and MSTS functional performance. Postoperative complications such as fracture at the operation site were recorded from the records. At each visit we routinely obtained radiographs with a minimum of two orthogonal views of the extremities or minimum of three views of the pelvis looking for recurrences and MRI scans with and without contrast if there was suspicion of local recurrence. Screening for lung metastasis was by chest radiograph with CT scans reserved for patients with equivocal findings or any local recurrence.
Recurrent tumors were confirmed by pathologic examination of the resected tissue with comparison to the original tumor.
Results
Forty-four of the 46 patients had good postoperative results with no recurrence at the last followup ( Fig. 2A-B) . Only two of the 46 patients (4.3%) had local recurrence. One patient had a recurrence at the original tumor site, and the second patient had a recurrence in the subcutaneous surgical scar from presumed intraoperative tumor contamination. The patient with the recurrence in the primary tumor site had a 6-cm Grade 1 chondrosarcoma in the Long bone = humerus, femur, tibia, fibula, radius; other = metatarsal, sacrum, ilium, ischium; Bone destruction = endosteal scalloping or cortical erosion. Table 1 . greater trochanter of the right femur (Fig. 2C) . The recurrence was diagnosed 18 months after the initial surgery and was associated with a nondisplaced greater trochanter avulsion fracture resulting from a fall. The patient subsequently underwent wide excision and endoprosthetic reconstruction of the proximal femur. At last followup 36 months after the second surgery, the patient was disease-free with no evidence of pain or metastasis. The second patient with a Grade 1 chondrosarcoma on the initial curettage had a 1-cm recurrent tumor in his upper arm surgical scar detected 18 months after his initial resection (Fig. 2D) . It was removed by wide excision of the soft tissue mass with primary closure, and pathologic evaluation confirmed low-grade chondrosarcoma. The site of his original bone tumor remains with no evidence of recurrence 30 months after his second surgery. The mean, median, and mode MSTS functional scores of the 39 subjects from whom MSTS scores were obtained were 27.2, 29, and 30, respectively, of 30 points (Fig. 3) (SD 4.8; range, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
Postoperative complications included three cases of fracture at the surgery site: two were associated with enchondromas in the proximal humerus during the first 6 weeks after surgery, and the third was associated with a Grade 1 chondrosarcoma 18 months after surgery. All patients with fractures had intramedullary interference screw stabilization rather than locking plates. The two proximal humeral fractures occurred when one patient fell onto the shoulder and the second while the patient was in a police restraint hold. The third nondisplaced trochanteric fracture was caused when the patient fell out of bed. This latter patient was one of the two in whom local recurrence of a Grade 1 chondrosarcoma was detected. The proximal humeral fractures healed successfully after open reduction internal fixation, and the patient with local recurrence underwent radical excision and proximal femoral replacement 6 weeks after the fracture incident. Postoperative neural damage was not observed in any of the cases, including the single case of sacral tumor located in segments S1 and S2 of the patient.
Discussion
Differentiation of low-grade chondrosarcomas from enchondromas is difficult and remains a controversial topic in musculoskeletal oncology. Many authors recommend observation as a first line of treatment for cartilaginous bone tumors of uncertain malignant potential [1, 14, 29] . However, in certain cases, because of patient concerns, tumor-specific pain, or radiographic findings suggesting a low-grade expanding lesion, surgery is indicated. Surgery with wide resection margins, which involves removing large segments of bone, followed by prosthetic replacement or segmental reconstruction, is associated with considerable morbidity.
Enchondromas often are misdiagnosed as Grade 1 chondrosarcomas given their clinical, radiographic, and histologic similarities, and the lack of clear diagnostic criteria. Both types of tumors for instance, may have similar clinical presentation, radiographic signs of bone destruction, and similar degrees of histologic abnormality [7, 12, 18, 19] . Many diagnoses of chondrosarcoma therefore are confirmed retrospectively on recurrence, given that Grade 1 chondrosarcomas may recur locally or metastasize, whereas enchondromas rarely recur and do not metastasize [19] . Because the true malignant potential of these tumors on initial diagnosis is uncertain, the risks and morbidity of such aggressive extralesional surgery may be unnecessarily excessive, especially for patients with enchondromas. In addition, Grade 1 chondrosarcomas are slow-growing and have an inherently low rate of metastasis [15, 26] . To determine whether patients may benefit from an intralesional, bone-preserving procedure such as curettage with adjuvant cryosurgery, we retrospectively evaluated the recurrence rates and functional scores of patients with Grade 1 chondrosarcomas or enchondromas treated by this procedure. In this study, we determined that curettage with cryosurgery is associated with a low recurrence rate (4.3%), excellent MSTS functional scores (mean 27.2, median 29 of 30), and low complication rates (only three cases of postoperative fracture).
We recognize limitations to the study. First, given the retrospective cohort design of this study, there is likely a selection bias to include patients with less severe disease. We acknowledge this is an important limitation; however, the diagnostic and treatment decisions made in this study reflect those most surgeons face in everyday practice. We therefore believe the information presented is applicable and will be useful to surgeons caring for similar patients. Second, local recurrence of these tumors is an infrequent event and with our small study population, we likely underestimated the frequency and clinical impact of adverse outcomes associated with local recurrence. Third, seven of the 46 patients could not return to the clinic for followup, and outcomes of recurrence and functional scores were obtained by telephone interview. Data obtained by this method are less accurate because they are not clinically verified by physical and radiographic evaluation. Also, of the 39 patients who returned to the clinic for followup, seven did not have MSTS functional scores. Fourth, a median followup of 18 months, although adequate to detect local recurrence, as in the patient described in this study, is not sufficient to identify late recurrence known to occur in low-grade tumors [26] . However, eight patients were followed for longer than 5 years without any evidence of recurrence (Table 1) . Finally, an important limitation is that loss to followup was 32% (22 of the original 68 patients who underwent surgery before June 2008 were unable to complete a minimum followup of 18 months). We do not know whether this would bias the findings toward patients without complications and without recurrences.
Our results agree with those of previous studies that examined recurrence and functional outcomes of Grade 1 chondrosarcomas after curettage and cryosurgery (Table 3) . When adjuvants such as cryosurgery, phenol, and methylmethacrylate are used in combination with curettage in treating benign or low-grade malignant tumors, the local recurrence rates are reportedly as low as 0.0% to 6.0% [1-3, 16, 21, 27, 30, 31] . In the largest published series of patients with enchondromas and Grade 1 chondrosarcomas treated with curettage and cryosurgery, van der Geest et al. [31] reported on 123 patients with an average followup of 60 months. Two (1.6%) patients had local recurrences, both of whom were treated with repeat surgery and reportedly were disease-free at 3 and 5 years.
Other complications included 18 postsurgical fractures (14%), four of which required surgery, three wound infections, three nerve palsies, one nitrogen gas embolus without permanent sequelae, and six miscellaneous resulting in a total complication rate, including local recurrence, of 26.8%. In the study by Leerapun et al. [17] , phenolization was used in place of cryosurgery as the adjunct, and there was only one recurrence among the 13 patients. Etchebehere et al. [10] used cauterization in place of cryosurgery as the adjunct, and the recurrence rate was 0.0%. These studies are common in that (1) a form of adjunctive therapy is used (cryosurgery, phenolization, cauterization); and (2) the surgeries are performed mostly on tumors of the long bones. When these two conditions are met, recurrence rates approach zero. When curettage is not accompanied by a form of surgical adjunct, recurrence rates can be substantially greater (three of three = 100% [25] and one of two = 50% [9] ). When curettage is performed on bones of the axial skeleton such as the pelvis or scapula, as reported by Normand et al. [23] (in which all five cases were tumors of the pelvis), recurrence rates also can be substantially greater (two of five [40%]), especially if some form of adjunctive therapy is not used. With respect to functional performance, curettage and cryosurgery yield high functional scores as shown in our study and eight others [1-3, 6, 14, 27, 30, 31] , with mean functional scores ranging from 27 to 30. Curettage with adjuvant cryosurgery is an effective treatment for cartilaginous bone tumors of uncertain malignant potential as observed by the low tumor recurrence rate and high functional scores. We believe the key to success of this treatment approach is meticulous surgical technique to address the entire tumor cavity, avoid contamination of uninvolved anatomy, and minimize tumor seeding of the soft tissues in the surgical approach site. We have incorporated intralesional curettage and cryosurgery with cementation and prophylactic fixation into our treatment protocols for patients with cartilaginous bone tumors of malignant potential. Intralesional surgery with adjuvant treatment such as cryotherapy for treatment of benign and low-grade malignant cartilaginous bone tumors achieves a low local recurrence rate and good function in the short and intermediate term. This treatment strategy may replace wide excision as the preferred initial operation for Grade 1 chondrosarcomas. In the rare event of local recurrence, wide excision or repeat curettage may be considered. All cases involve Grade 1 chondrosarcomas or enchondromas only; * both subjects had the same followup time; information given for recurrent case only, nonrecurrent case is not described; MSTS = Musculoskeletal Tumor Society mean functional score (out of 30); Cu = curettage; Cr = cryosurgery; Ce = cementation; Bg = bone graft; Ph = phenolization; Ca = cauterization; Pa = pasteurization; L = long bone; P = pelvis; D = distal (hand, feet); S = scapula; Sa = sacrum.
